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MiRi lEvestlgatiwe Labs in Microbiology 
for Nonscience Stiideife 

Daniel D, Burke 



During the past four yuaf>, 1 liLive t;iught ^ -euef'i niicrohiol- 
ogy course for nonsci^ancc majors. One type of uxtra crudit 
project in the course has involved small groups of stud^^nts 
participatiiif in short (four to six wcehs) investigatrve lybora- 
tory studies of the type described by Thornton (l^Vl ), This 
oxpeiience has led me to derive guidelines which should be of 
value in structuring an investigative laboratory eKperiencu for 
nonscience majors. 

The irjvestiiativu approach I have used stresscb student 
involvement. While a ri umber of problems may be suggested to 
the students, it is critical that the final chok*e be theirs; this is 
central to developing thc^ intullectuul comniitmerii negcsaury 
for success, Once the students have chosen a problem, they 
must prepare a written outline stating the probleni and the 
experimentai protocols which they will use. Even though most 
procedures used are standard techniques it is useful to have the 
students work out what they must use< The more the students 
discover for theniselves, the more valuable the experience is, 
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11: ] use of this written outline has proved valuiible in h^ilping 
.siudents define tliu qu^^stions they ask ciirefully and determine 
exactly uhat niis^t be used in ilternpting to answer them. 

Thirty-seven students have been invoived in these projects. 
Nineteen have worked singly, and the rest in ip^oups of two or 
three. Tlicy havr ad been freshmen or sophomores, fhere ir> mo 
biology or chemistry requirement ft^r tins eourvSe, .only three 
students had had college chemistry, and seven had h.ad college 
biolug' . Ti-e student group w/us not a random sample of the 
class. Most of them v*^ere grouped in tMither tliC top 20% or the 
bottom 30% by test score perforniance, More than 30% of the 
purticiputino students wjrc black students in a special aca- 
demic program, while this group conipnsed only of the 
'.'lass us a whokv The participating students run ihe gamut from 
prelacy and sociology to religious studies and drama majors 
(with one preveterinary student). 

Tae projects ^Utempted were clustered in several ureas: 30% 
were involved with isolating and identifying an unknown soil 
orga*iisni, 30% with measuring the effects of various para- 
nietcrs (heat, UV, antibiotics, and various chemicals) on 
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microbial iieath, jnd 30V6 wilh growth studies niuasuring the 
effects of various paninKiers (Imht, rcmporaturo, iihusphutu 
concentration, LiriU carbon f.f»urg*:) on iiiiijinbiaJ grovvth. The 
remainder ccvered micb topics . s isolatic^n of coHforrn phage 
from sewage, antibioric ret^istaiice srtJCtrum of soil ortumi^rns, 
enrichment for blue=greun algau, DMA transformation in 
Annetabacicr, and deterniination of sevy,,»;e pollution in u 
pond and stream, 

rerforrnaiice of these projeijt^ was varied, hut for ihe poor 
students was much butter than ihci' t'^st pf"forn:ance for the 
good students was ;!t least the eqiuql cf their tesJ [jwrtbrn; unces, 
and, in most cases, eve?n btittgr. Performance w.ih nensured in 
several ways. All students had to proare a writtiui !iibDiu*ov> 
report. Those showed nunibe\ and qualiry of outsiUj 
soiirrr" consulted, how numtTi.al slatu we=e hifullyd tc 
deterrain*= Us si^niiic.jnce, and how res jits sverc rciuied la thr 
*^|uestion ariginuily poicd, I aho inonitored the arnount of time 
sp^nt on ihi project und queitionud uauh studunt a iiumber of 
times over the course c^f tiie ^ludieb. 

^I^Kil'i ihis is an adiniltGdly small sainpie, sevura! observatioTis 
iiavfc t'ome out of th^se experit^nces vvhich should bt of dircgt 
am in L^ourso design well ni, of va'ue in desig;iing fi;rUiuf 
i3tudk-s. First, the probhrni musi be, to as large an extyri! ^s 
possible, of the student's own choosing. This cannot bo 
overstrt!Ssed since this perscnui cnminitment is the key factor 
to sMceess. This is not to say that cxperi.nents a:;^signed to 
istudents cannot be done succcs^fuliy; thuy are, hrwever, inosr 
-often only lechnteal eKercist^s not conducive to intellectual 
sHmulation. Second, whatever work is done should gcndfate 
positive rusults, and the data obtairied should be numerical 
rather than only qualitative. The stuiJent must have the 
reinforce rnen£ of success and real da fa with \vhioh to work. 
F-ven when the experiineiiLs fulfili these criteria, the fir^t 
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results are ■ypically fnilureH, I tfiink this initial failure is a good 
lc;ifniiig experience, for*:ing a stndi^nl to delve further into 
both the uieuhanics and theory of what is beuig attempted, 

'Ihsim coni'lusions may Kcuni self-uviaent, but disregarding 
thern hifs led to consistent failure in producing a good le;irning 
expurifince. The most strikin|» example of this has been the 
failure of students lo derive any real value from the microbiol'- 
ogist's niost eherished set of laboratory exercises, the identifi-^ 
cation of an unknown organism Unknown Identifications were 
suggesied vo students who sf:emed to tiave no strong prefer- 
mm as to laboratory pioiect. It was felt that these expcri- 
inents would illustrate logical design as well as examine a 
variety of stand^irU microbial laboratcjry UihU\-. It soon became 
uvident that these invest iyations failed-, even though an 
grganisin uas uUinr»t'dy identified, bucau.ic the rtuUtfntj, really 
did not care what tlie organism was. An interesting sidelight 
this was thnt negative results, which are as useful as positive 
results in identification, struck the studentn as a failure rather 
than as something iearncd. pven if the oiganisni was selected 
so as to yield positive test results, the eKperimtint failod to 
iniurest the siutlents because ihey expected positive results, 
Over.sn then, this type of experiment does not involve the 
stuuonr uityllectuully and settle^ into a boring routine. 

The most consistently successful experiences were experirTients 
which measured either growth or killing. The techniques 
applied are learned in a very short time. Therefore, all of the 
students can be shown the basic techniques of isc>Iation and 
enumeration of * ells at th*" same time and can then adapt these 
to their own projects. These experinients generate meaningful 
numerical data which stimuUite interest. The measurements 
relate well to questions of interest to the students: Does niy 
mouthwash (or soap) work? Why do { receive certain 
antibiotics? Does my phosphate detergent really stimulate 
niicrobjal water pollution? Does the refngerator keep my food 
safe? The numbers obtained lead students into interpretations: 
How much is really effective killing? How fast do inicroorga' 
nisms grow? They almost universally generate enthusiasm, as 
nieasufed by tlie Mxira time students put into their projects. 

Other types of experiments exist, but they require more 
careful consideration of thie project and a subjective judgment 
of the student 's abiUty and eruhusiasm before starting. 

Is this laboratory eNperience worthwhile? Certainly these 
students, with rare exceptions, will not pursue a career In 
microbiology or any biological science, so the techniques 
learned are not of lasting value. Further, students could rely 
on texts or lectures for the basic concepts and factual material 
in this area. So what do they get? 

They acquire an insight into several of the fundamental 
processes which occur in science: how? questions are chosen ^ 
how they are attacked, how data are interpreted, and a reality 
sometimes overlooked, how ofttrn failure is the initial result of 
iin inyestigation. Ihe ability to phrase and answer scie-Uific 
questions is central to an understanding of science and is 
alniost impossible to achieve outside the laboratory. With this 
ability comes a significant carryover into their personal lives. 
All profession?^ are essentially involved in problem solving; the 
ability to pose the right questions and the use of quantitation 
in examining answers are of general importance. Students learn 
that the flow of science is not necessarily smooth, that failures 
are quite probable; this undersCanding of the strengths and 
hmitations of scientifie method is of value. 
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In summvy, I wouJd say that the mini mvustigatiye laboratory 
has proven to be an extremely viiluabk device in this general 
aducation coune for buiiding eiiUiusiasm and for pro/noting 
the concepis ci qiieition phrasing and problein solving in a 
laboratory aitMation. While if requim a larj,J amount of 
ijistructor time, it should bj possible to expand this mini- 
course concept to handle a large nuniber of stuiciits anfJ, 
judging by what 1 have ]p«nt (^bo^ut Si 0 per student), keep 
the com wit hi n bounds. 

Reference Ciied 
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AJBS Edacation Committee Estab!!sh« 
New PfDCeciures aiid Policies for the 

A IBS Education Revievj 

During a recent meeting of the AIBS Education ComiiiitteLV 
the purposes of the AISS Education Review '^ndilK compQSi" 
tion and role of its Editorial Board w^re considered. The 
names of the members of the A. IBS Education Commit?Iee and 
their report conceraing th-^ Review follows, 

AiBS Education Comniittee 

George Gfies, ChQirman 
Okiahoina State Urtiversity 

Ted A ndrews 

Governors State IJniver&ity 

SiL^niey Baker 
Drew UnU'ersity 

Thomas Cleaver 
tJniversity of Texas 

/'ranklin Flitjt 

Randolph-Macon Woman^i* Collwge 

H. Bent ley Glass 

State Univtarsity of New York 

Stanley Gunsirea>n 
Piisadena City CQllege 

Clwrles La Rue 

Montgomery Con n'y Public Schof^ls 

James McClcary 

Northern lUinois University 

Richard Trumbull, ex ojficio 
Executive Director, AIBS 

Richard Dodge, AJBS Staff 
Head, Education Departrnent 



Purposes 

The Fducation Revin^ should serve several purposes including 
the following: 

® The Re\Hcw should keep the total biological community 
av^^are of the continuing interest of the AIBS in educ:itional 
mutters and keep it posted on ne^ developments in the 
field, 

® It should serve as a vehicle for disseminating news of 
interest to members (e.g., announcements of meetings, 
symposia, publication of book reviews, etc*)< 

^ It should publisri papers concerned with the philosophical, 
methodologicid, or substantive aspects o^' college biology 
teaching. 



Conipositian of the Editorial Board 

^ There .ihali be six membt?rs serving staggered three-year 

terniF, Buard members may be reappointed, 
* Men^bers of the Board are appointed by tlie Editor with the 

adv-ce and consent of the Chairman of the Education 

Crmmittee of the AIBS. 
^ Ir selecting members of the Board, consideration should be 

g.ven to disciplinary and perhaps geographical distribution. 



Members of the New Editorial Board 

Because thu present Editorial Board has served more than 
Ihree ''"ears, it was decided that the AIBS Kducation Rvview 
Editgrial Board would be a matter for early consideration, and 
new appoint meiit^ have been made in order to carry out the 
reuornnieudations of the Education Committee, Accordingly, 
with the advice and ccnsent of the Chairman of the Commit- 
tee, the following individuals have been invited and have 
indicated their acceptance to serve on the Editorial Board of 
the AIBS Educatiun Review. 



Vernon A vila 

San Diego State University 
San Diego, California 

Edward tius^ 

Pennsylvania State University 
Universtty Park, Pennsylvania 

Robert Coler 

University of Massachusetts 
Amherst, Massachuseits 



Donald Pmn 

Bald win^Wullace College 

Be re a, OIii'> 

Robert Hurst 
Purdue University 
West Lafayette, Indiana 

Bill Rushing 
Navarro College 
Corsicana, Texas 



Role of the Editorial Board 

® The Board sh'ill be advisory to the Fdltor in establishing 
and maintaining editorial policy. 

• The Board shall make an annual evaluation of the Revie-w 
and prepare a summary report to be made available to Ihe 
Education Committee. 

• The Board shall assist the Editor in locating competent 
reviewers for papers submitted. 
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Effccte of Various Componente of the KeUer System 
on Student Attitude and Ferformaiice in Plant Anatoiiiy 

Jay C. Davison and Thomas L. Rost 



The Keller Plan, or Personalized System of Instruction (PSI), is 
an individually paced, nmstery oriented teaching method 
which has become more popular in science courses in recent 
years (KuUk et aL 1974). Several studies have compared PSI 
courses with similar goursi^s taught in the truditicnul (lecture, 
group paced) method. 

Lewis and Wolf (1973) compared a freshman cheniiitry coursu 
taught by PSI with several other sections of the same cour.^e 
taught by the lecture method at Colgate University. They 
found that all sections scored approximately the same on both 
the course final and an American Chemical Society general 
chemistry examination, Philippas and Sommerfcltlt (1972) at 
Portland State University compared a PSI course in general 
physics with a control section in a lecture course. At the end 
of the one-yuar course sequence th^ir results showed no 
significant differences in performance between the two groups, 
but students rated the PSI section very highly. 

At Long IsJand University, McMichael and Coryy (1969) 
compared PSI students with others in a traditional lecture 
section of introductofy psychology. The PSI students per- 
formed about 10% higher on the final examination than the 
lecture students, and they maintained this superiority over a 
ten-month period following the tourse. The PSI students also 
rated the course significantly higher than did the lecture 
students. 

In another study Roth (1973) compared a PSI course with a 
lecture course in digital systems engineering at the University 
of Texas. He found that the PSI students scored about 10% 
higher than the lecture group and also rated the course about 
10% higher. 

What these and many similar studies inJicate is that students 
in PSI courses perform as well as, or slightly better than, 
students in traditional lecture courses^ and that generally they 
rate PSI courses higher. 

A logical question is whether certain components of PSI are 
more important than others in promoting the positive results 
which have betn repDrtedj that is if only part of the 
procedures are implemented, which ones are most important? 
Keller warns against this approach, saying **Neither should the 
plan be tried hv any teacher who does not intend to use it as a 
whole** (Keller and Sherman 1974). A scientific examination 
of PSI, however, would seem to require an examination of its 
parts. One such examination was done by Peck and Brown 
(1975), who compared group-paced vs. self-paced instruction 
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in human anatomy at the University of Kentucky College of 
Medicine, They found no difference in teaching effectiveness 
between the two systems and concluded that cost size 
effectiveness should be the determining factor. 

The present study tested two parameters of PSI: use of 
^ccturus for information or for niotlvnUon only and nvx' of 
proctors. Sections were compared on the basis of cr>ntent 
Earning, retention, and attitude changes. 

Materials and Methods 

The course was an upper division plant anatomy course in the 
Botany Department of the University of Californ'a, Davis, The 
enrollment was divided randomly into two lecture sections of 
50 students, each of which was further divided into two 
laboratofy sections. One lecture section heard two lectures per 
week covering all required course material, the other had no 
lectures on course material, but instead had a guest lecture on 
a topic of interest and a discussion meeting each week. 

One laboratory section from each lecture .section had proctors 
in the laboratory along with the graduate teaching assistant. 
These proctors were upper division botany majors who had 
previously taken the course, and were assigned to groups of 
about 10 students each. Their duties were to ask questions in 
lab, to encourage group study, and generally to direct and 
motivate their sludents. The other lab section within each of 
the lecture sections used no proctors; only the teaching 
assistant was available. 

All sections received identical treatment in all other aspects of 
the course. All students were given sets of study objectives 
covering the material they would be tested on. All were given 
weekly quizzes, which were personally graded (by the proctors 
in the proctored sections, and by the TA*s and outside help in 
the other sections) with the student involved presenL Slide 
sets (2x2) were available to all students for review, md a 
comprehensive final examination was given to alL 

Testing and Measurement 

Content learning was tested as follows: a I7-question test 
covering a very broad sampling of the subject matter was 
constructed and administered to all the students on the first 
day of class. These same 17 questions were included in the 
final exam for the course, and a separate record was kept of 
student performance on these questions. Finally, five months 
after the course ended the same questions were given to a 
random sampling of students from each of the sections in 
order to measure their retention of the course materiaL 

Attitude changes were measured by several means. A lengthy 
postcourse questionnaire was given to all SiUdents at the 
conclusion of the course, Questions were of four types: Part I 
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was a **rate the instructor on the following characicristicu" 
section, with answers ranging from onu (low) to seven (higji) 
and iiiciucling slatenieiits like: "explains concepts clunrly," 
**has genuine concern for and interest in the quality of \m 
tgaching/' and so on. Part 11 included similar questions about 
the course, and also included multiple choice questions asking 
what type of exams students preferred, wlieiher they tVU 
lectures were needed, and what grading system they prefurrL'd, 
Part HI asked a series of questions like "how niany times this 
quarter have you read an article on botany not required for 
this course?" Part IV asked til's student to evaluatu his/her TA. 

In addition to the postcourse questionnaire, we constructed 
various attitude scales which were administered to the students 
on both the first and last days of the class. Thu^e scales asked 
students to choose, from a series of statemunt?, which ones 
they agreed with and which onus they disagi.ttd wiiiL 1 lu 
scales were then scored on the basis of hew mrny of the 
statements favorable to the subject the students agr.^ed w.th; 
this number was then uxprcssed as a percentage. These attitude 
scales were designed to measure attitude toward three things; 
the subject itself, college education in general, and professors 
in genera L Along with the attitude scales we ud mini stared a 
lest of **approach responses" designed to mea>i-re iVie stu- 
dents' tendency to choose the subject from a ti^^ld of other 
subjects in the same general area. 

A final attempt at measuring attitude differences between 
sections was done by ongoing observrjtions of certain behavior 
traits among the students, such as whether they arTived on 
lime, whether they put away their microscopes correctly, and 
other similar observations, This technique was suggested by 
Mager (1972) in his book Goal Amlysu as a way of finding 
out whether the goals of a training nrugram are buing met. 

All results were subjected to a co variant analysis, and 
differences between sections were eyamined on the basis of 
changes among indivsdual students in the sections, as well as 
responses of the students iri each r^ecdon a.^ a whole. 
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Figure 1. Content examination scores by lecture section, 
FEBRUARY 1976 



RijNuIts and Discussion 

Rusults of the conten- testing are shown in Figure ! , Although 
thure was no difference between proctored and nonproctored 
freatments within ea-h section, lectures did make a difference. 
Both sections startud iit m equal level, as shown by the 
precourse test. In the course final examination, the lecture 
students scored slinhtly but significantly higher than the 
nonlecture students. Thin diffcrenc(2 was reversed on the 
five-month retention test as nonlecture students scored f;Hghtly 
but significantly higher than lecture students (these results arc 
significant at the .05 level), 
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These data suggest fhat lectures are useful for promoting 
short-term rnemoiy, out that students who are forced to 
st^arch out th^ir own answers -^^tain material longer. Differ- 
ences are very small, hosvever, and further study of this 
question is \ order. 

The attitude test results were not as straightforward as those 
r'f content learning. Of the three methods employed, direct 
o JservatiDn proved the least fruirfu! (and most difficult), 
showing no differences among the sections. Scores on the 
postcourse questionnaire weie hkewise virtually identical 
among sections, with the exception of one question con- 
cerning lectures which shows a clear difference (Figure 2). The 
question asked whether students preferred lectures on "all 
course materiar* or some other option. Interestingly, the 
students in the section most similar to a tradiiional course 
chose the "all course materiar* option most often, and as each 
component of the course was varied the percentage choosing 
this option decreased, This response suggests that most 
students in a more or less traditional format beUeve they need 
lectures, but if lectures are taken away, the students realize 
that they do just fine without them. 
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The pre- and postcourse attitude surveys also showed different 
respoiise In the section concerning the gourie itself, but not in 
those sections of the survey dealing with professors or college 
education in general These data were analyzed with respect to 
the students' class status (groduate or undergraduate) as well as 
treatment, with an unexpected result; graduates showed no 
significant attitude changes in any section! Undergraduates did 
show a difference, however, presented graphically in figure 3. 
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Figure 3, Percent increase in attitude by section. 

Attitude increases among proctored students averaged twice 
that for nonproctored students; here the lecture made no 
contribution to the change. Proctors do seem to make a 
siinificant contribution to attitude irTiprovement, if not to 
increasing final exam scores. 

In summary, the components of PSI tested in this experiment 
each affected different aspects of the course, Lectu.es seemed 
to give a slight advantage to students on the course final, but 
perhaps at the expense of their long-term retention of the 
materiah Lectures had no effect on attitude changes, except 
that lecture students believed more strongly in the necessity of 
lectures than did nonlecture studenls. 

doctors contributed to the affective changes in the students, 
Ptoctored groups showed approximataly twics the attitude 
increases of nonproetored groups, although no differences in 
course performance were seen between those groups within 
each lecture section. And finally, paduate students were not 
significantly affected by proctors, as their attitudes showed no 
change regardless of treatment. 

In performing this experiment, we encountered two important 
difficulties. The first of these is that the science of attitude 
measurement is in its infancy. The literature on PSI contains 
many enthusiastic reports about the system. However, com- 
parisons of content learning between PSI and lecture c curses 
seldonn show significant differences. For this reason, we felt 
that the success of the system must lie in its effects on 



classroom atmosphere, personal relations between staff and 
faculty, and other affective changes. These changes should be 
ineasurablc as changes in studunts* attitudes toward a given 
course or course material. However, wanting to measure 
attitudes and being able to measure them are two different 
thinys. Attitude surveys often give answers which are tenuous 
at best, If our educational psychologists could give us a better 
handle on this problem, our understanding of teaching and its 
effects on the student would increase considerabiy. 

The other diloninna is the classical one of experimenting with a 
student's educaton. Teachers have a responsibility to provide a 
student with the best education they know how to give; so it 
becomes difficult to vary factors in an attempt to produce 
rosults which demonstrate differences as dramatic as we might 
like to see. All-or-none comparisons of PSI vs. lecture 
ncf;asiDnally accoiiiplisli tliis goal, but they seem so obvious as 
to be almost patently ridiculous. In our experiment, however* 
there may have been too many similar factors present = weekly 
testing* personalized grading, study objecdv'JS— and these may 
have provided enough likeness to obscure differences that 
might have shown up. But having once used a system and 
gotten the feeling that it was more successful than the 
traditional, how can you go back to a traditional system for 
the sake of experinient and still look students in the face? 

Finally, we suggest that it might be profitable tc concentrate 
experimentation of this type on the introducto:; courses in 
our discipline^ where the student population h more hetero- 
geneous and less highly selected for success in a given field. 
Our lack of response from graduate students seems to suggest 
that as students progress up the educational ladder they are 
more self-motivated and less subject to the influences of 
instructional technique than beginning students might be. 
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Project BIOTECH Denionstralion 
Laboratory and iViini Work Shops 

In cooperation with the publisher and sck'ctud iKsersuf Project 
BIOTHCH modules, the American Institute of Hiulagicul 
Sciences, Education Depurtmunt, will spoiisor a damoiistration 
laboratory, and four mini workshops on the iis^ of modules in 
the biology laboratory during the Annual AlBS Meeting at 
Tulane University, New Orleans, Louisiana, All coiiipletcd 
module programs will be available for viewing, nnd project 
staff will be on hand to disciiss the project niuteriuls with you. 
Module presentations, of your choice, will he riiude between 
the hours of 9;00 a.ni, and 12:00 noon and 1 :00 pjii. and 
3:00 p.m., Monday, 31 May tliruugh Tliuf^sday. j June 197(>. 

An added attraction will be the presentation of four iiiini 
workshops and demonstrations by dcveJopurs. producers, and 
established users of BIOTliCH modules. The mini worksliops 
will be scheduled from 3:00 p.m. to 5:30 p.m., Monday 
through Thursday, In order to help us determine retjuirements 
for facilities for the mini workshops, those individuai.s inter- 
ested in participating in the program, are urged to write the 
AIBS Education E^epartment, 



Call for Papers 

A joint Beta Beta, Beta AIBS Hduealion Depurtmeni student 
contributed rcHeurch piiper seKsion will be held during the 
Annual AIBS Meeting at Tuhine University, New Orleuns, 
Louisiana, 30 May 4 June 1976. Student contributors l>om 
Beta, Beta, Beta and AIBS Student Chupters, an well as 
unaffiliated student biologists, are encouraged to contribute to 
this session Contributors should send a title and a short 
iibsiract to the AIBS Education Department, Anieriijan Insti= 
tute of Biological Sciences, 1401 Wilson Boulevard, Arlington, 
Virginia 22209. Contributors should also indicate their 
requirenicnts for projection or uudio playback uquipnient 
when submitting their titles and abstracts. All papers will be 
scheduled for fifteen (IS) minutes;. Student research paper 
contributors, at the session, will b^' provided with a cert ificate 
of recognition for their efforts. 

Students not pre^ienting a research paper are also encouraged 
to participate by identifying topics for an open foruni 
discussion. Here is an opportunity for students to convey to 
AIBS and Beta, Beta, Beta staff, in a general session, concerns, 
needs, and problems related to professional biology. Contribu- 
tors to an open forum should communicate directly with Dr, 
Richard A. Dodge, Head-, Education Department, AIBS, for 
purposes of scheduling an agenda for a student forum session. 



Credit to be Offered to Partieipante in AIBS 
Pre- and Post Annual Meeting Coumes 
at Tttlane Univerei^ 

Five special courses will he offered by Tulane University during the perEod 29 May through 5 June 1976 in conjunction with the 
27th Annual AIBS MeeMng, The courses, directed to aspects of the biology of the Gulf Coast, will be offered for university credit 
or audit to registrants at the Annual Meeting in New Orleans. Louisiana. 

Because each course will involve field trips, the number of participants in each section will he limited to 25 individuals, interested 
participants are urged to register as early as possible to ensure & place in the class. The application below is provided for your 
convenience. Registration for the AIBS Meeting is required and should accompany your application for course enroll rncnt. For 
your convenience, both application forms below sliouid be completed and mailed together to the AIBS Educatitm Department 
prior to 1 May 1976. Checks should be made payable to "AIBS/' (Detailed Meeting registration, housing, and tranHpurtation 
information appeared in the February issue of Bioscience,) Requests for refund of prepaid registrations will not be honored after 
14 May 1976, 



Biology 709. Problems in Advanced Biology; The Avifauna of 
the Gulf Coastal Plain and Environs 
Robert D, Purrington, Tulane University 
Lectures: Th, F (3^ June) 8:00 a.m. Observatory, Room 
100, 

Field Trips: Th, F (3^4 June) 7:00 a,m. 

An introduction to the breeding birds of the central 
southern USA and, in particular, the Gulf coastal plain< 
While examining the principal plant associations and their 
bird faunaj the seminar will emphasiEe the typical nesting 



birds of cypress-tupelo and bottomland hardwocid swamp 
woodlands and coastal marsh. Studies will include field 
identification, vocall?:ation, breeding biology, ecological 
relationships, and the influence of man. Field trips will be 
taken to swamp, marsh, and coastal strand habitats. 

Biology 715, Problems in Plant Ecology; Flora and Plant 
Communities of Southern Louisiana 
Joseph Kwan and Leonard Thien, Tulane University 
Lectures: F, S (4-5 June) 8:00 a. m, -5:00 p,m, Dinwiddie 
Hall, Room 214, 
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Field Trip: S (S June) 8;00 a.m. 

Survey of flora and plant communities of southern 
Louisiana. Habitais include deciduous-evergreen forests, salt 
marshes, freshwater marshes, and cypress-tupelo s>vamps. 

Biology 717, Pfoblenii in Animal Ecology.' Pollution Ecology 
of the Ntw Orleaiis Aria 
Alfred t\ Smalleyf Tulane University 
Lectures: M (30-31 May) 8:00 a.m,*5;00 p.m. Dinwiddie 

Hall, Room 214, 
Field Trip: M (3! May) 8:00 a.m. 

New Orleans and the surrounding parishes are situated on 
fiat terrain, with many areas cornpletfeiy surTounded by 
levaes. Extensive wetlands, impermeable soils, and heavy 
rainfall cause difficult problems of pollution control. 
Emphasis on water a Fid solid wastes. 

Biology 729, Problems in Protozoology: Aquatic Invertebrate 
Microhabit4ts 

Stuart S. Barn forth, Tulane University; Walter G. Moore ^ 
Loyole University 



Lectures: S, S (29-30 May) 8:00 a.m,-5:00 p.m, Dinwiddie 
Hall, 

Field Trips; S (29^30 May) 8:00 a,m. Mornings only. 

Survey of the highly organized communities of aquatic 
invertebrates; analysis of the chemical and physical com- 
ponents of the immediate environments in which the 
communities exist. Participants will collect from habitats in 
shallow wetlands and identify and describe the spatial 
relationships of the organisms to one another. 

Biology 737, Problems in Host Parasite Relationships: 
Helminths of Lower Mississippi and Gulf Coast Regions 
David IV. Fredericksen, Tulane University 
Lectures: S, S (29^30 May) 8:00 a.m, Percival Stern Hall, 

Room IO02. 
Field Trips: S, S (29-30 May) Afternoons, 
Mclminth parasites of local fauna will be considered in 
general. Certain of these helminths will then be discussed in 
reference to peftinent research efforts on both trematodes 
and cestodes. Live hosts will be available for firsthand 
experience in conjunction with specific laboratory demon- 
strations. Field trips will be taken. 



Fees for the above courses will be $40,00 for one unit of credit or audit. Course participants must also register for the Annual 
AIBS Meeting, Complete and return the following applications to: American Institute of Biological Sciences, Attn; Dr Richard A. 
Dodge, Bducation Department, 1401 Wilson Boulevard, Arlington, VA 22209, 



PRINT OR TYPE 
Nanne 



Address ^ 



REGISTRATION APPLICATION-AIBS SPECIAL COURSES 
27th Annual AIBS Meeting, Tulane Univeriity, New Orleans, 30 May-4 June 1976 



Applieations must be reeeivtd by the 
AIBS iducation Department by 1 Mby 
7976. 



Registered in: 
Amt. inclosed: 



Bio 709 
Bio 729 



Bio 715 



. _ Bio 737 



MAKE CHECKS PAYABLE TO "AIBS" 
, {$40 p^r hour credit/sudit) 



Mail to. 

American institute of Btslogical Sciences 

Attn: Or, Richard A, Dodg^, Education Department 

1401 Wilson Blvd, 

Arlington, VA 22209 



PRINT OR TYFi 
Malh'ng Addrei!^ 



ADVANCE REGISTRATIOM APPLICATION 

27th Annual AIBS Meeting, Tulane Universitv, New Orleans, 30 May 4 June 1976 



Instltutisn or 
Cornpany AffllijitiOn^ 

Addreis . 



Society sf Frlmpry Intereft 
Membtr AIBS □ Yi 



□ Nc 



Student 



□ Nc 



Local COhventiqn Address ^ 



LAST NAME 


FIRST & INITIAL 


PATES ATTENPPNG 









ERIC 



RiGlSTRATION P6i IN THE AMOUNT OF $ _________ IS iNCLOSiO. 

I, □ We, □ Chow many^ plan to attend the "Semfacd Fsstivaron Sunday evening, 30 May, 

Tickitt will be sold at tht time of registration. DO NOT if ND MONiY. 

8 



REGISTRATION FEES 



Prepaid 
{BsforB 30 April] 

$25.00 Regular 

$10.00 Students 

$ i,00 Spouse 



Late 

{After 30 April) 

$30.00 Regular 
$15,00 Students 
$ 6.00 Spouse 



MAKE CHECKS PAYABLE TO '*AIBS'* 



Mail to; 

AIBS Mf ETINOS DEPARTMINT 
1401 Wilson Boulavard 
Aflington, VA 2i20§ 
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NotM on m CiUTiculum of Attainmeiits 
in Mamne Biolo^i The Mentor^s Role 



Albert Collier 



Introduction 

Thf Department of Biological Science of the Florida State 
Univorsity (FSU) introduced a coinpetency-basedj time vari- 
able curriculum in marine biology in the fall of 1974, The 
goals of this effort are to test: (a) the responses of under- 
graduate students to a learning environment which emphasizes 
independent, self-pacing study, (b) the quality of student 
products, (c) feasibility and cost effectiveness, and (d) the 
attainment of established scholastic standards. This program is 
part of a broader study on competency-based education 
[known at FSU as the Curriculum of Attainments (COA)] 
being conducted at FSU under a three-year grant from the 
Fund for the Development of Post Secondary Education, U.S, 
Department of Health, Education, and Welfare.^ The other 
units at FSU included in the program are U.^ School of 
Nursing (underpaduate) and the School of Urban and Re- 
gional Planning (graduate). 

While competency-based education has been explored at all 
ievels of education, it is gaining interest in higher education on 
the pounds that it may offer students greater flexibility and 
less regimentation in their preparation for the pursuit of life 
goals. In this sense, the attainment of specified iearning goals 
would reflect scholarly accomplishment as set forth and 
assessed by the faculty. Final attainments may be reached 
through the students' own initiative and intellectual resources 
at a pace most suitable to their individual needs (students 
would not be consigned as a floating cork to a wave-like 
pfop^ession of classmates through course sequences). 

Harris (1972) offen a prospective that a reorientation towards 
attainment-based baccalaureates may be the principal course 
open to colleges and universities in meeting the following 
challenges: 

• "to become better focused and, hence, delimited in their 
distinct societal roles; 

# to individualize instructional programs in terms of the 
proficiencies of entering students as well as their degree 
plans; 



iDaisy Flory, Dean of Faculty, l^SU, and John Harris, formerly 
Director, Division of Instructional Research and Services, FSU* made 
the initial proposal and gained the necessary financial support, Gary 
P0terson, FSU Center for Educational Design, and John Merrill, 
Director, Center for Educational Design, coordinated and directed the 
planning stages of the overall project. They gave much valuable 
assistant in the initial stages of developing the instructional materials 
for the marine biology portion. 

The author is in the Department of Biological Scignce, Florida State 
Universityj Tallahassee, Florida 32306. 
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® to free liberal education from the strictures inherent in 
prescribing common exposures to standardized degrees; and 
^ to control for certain minimal levels of proficiency in each 
of their graduates," 

There is little argument that higher education is being 
challenged on these points and others, In a practical sense, 
how do we meet these challenges? One possibility is through a 
curriculum based on the assessment of student outcomes as 
opposed to a series of exposures. 

Harris (1972) expresses the operational rationale for an 
attainment-based curriculum as follows: , . . the bacealaure^ 
ate would come to represent the culmination of demonstrated, 
dociimented and, hence, vaiidated attainments judged against 
explicit criteria. The primary requirement for these criteria 
would be suscepiibiliiy to consensual observation by coni^ 
petent observers.'' This formulation provides a logical starting 
point for a brief discussion of the exploration of attainment- 
' ased degree programs now underway at FSU, The marine 
biology program represents an application of the above 
concept to the natural sciences. 

The Mentor and the Student 

In the COA the "mentor" plays the key role in the conduct of 
this method of pedagogy. The mentor is the designated person 
responsible for preparing learning materials, recruiting stu- 
dents, arranging for student assessment, individual guidance, 
and many other chores. Without a doubt, the single most 
important function of the mentor is one-to-one guidance of 
the students enrolled in the program. The mentor guides and 
tutors students through a set of required competencies until 
they feel they are ready to test their mastery against a set of 
standards to be observed by faculty Juries. (The nature of 
competency statements are considered later in this essay.) The 
mentor, on the other hand, refrains from typical instructor 
tasks such as lecturing^ administering reading assignments, 
^ving weekly and/or midterm and final examinations, and 
turning in grades reflecting memorized facts. 

The mentor/student relationship is of ^eater depth and is 
more critical than the relationship between an instructor and 
the studerits in a given conventional course. The mentor and 
student are able to achieve this degree of personalization 
because the program runs, in this case, for two years. There is 
time for a one-to-one development of interests between all 
students and the mentor. In conventional courses in mass 
higher educations opportunities to establish this kind of 
relationship at the undergraduate level are limited. 

The mentor's contact with a given student starts on the initial 
mterview; educational goals are defined and stated, the extent 
of preparation for them is examined, what remains to be don© 
and what route should be taken to achieve the goals are 
discussed in detail. These interviews last an hour or more and 
are repeated from time to time. They have two important 
results; (a) most students for the first time receive insights into 
the relations between curriculum and career goals, and (b) the 
first step toward a long-term, harmonious scholarly interaction 
between student and mentor takes place. The importance of 
these interviews and followups to them should be emphasized 
because they furnish a footing, as it were, for the posture of 
adviser and critic that the mentor must assume, 
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Because today*s undergrauuates, as a group, appear to bu 
poorly conditioned for independent study, many are totally 
lost v/hen thrust into independent study situations as found in 
the COA. It is as though tliey have spent all of their lives 
chained to an enormous steel ball and when suddcMily 
confronted with the removal of the chains, the experience of 
newfound freedom prevents the taking of a single independent 
step - thc ball and chain syndrome of production line higher 
education. Hence, at the outset of the program., the mentor 
must impose enough structure to get them started in doveN 
oping independent problem-solving skills. 

An additional function of the nientor is to assist students in 
developing their own motivation for independent self-study 
habits. There are no general rules; each student is n unique case 
requiring special consideration. But a mentor with 30 or more 
students must find a systematic approach to the problem. One 
possible solution may be found in a student's need to relate 
classroom experiences to applied situations consistent with an 
occupational goal. Since all of the students in this group are 
interested in marine biology^ examples may be Ufsed of the 
application of marine science to the solution of problems 
faced by the fishing industry in abiding by various regulations 
set forth by state and federal governments. An ample supply 
of trade journals and government documents is provided giving 
almost day-to-day accounts of events in the world of marine 
commerce and related government activities. At weekly 
meetings, speakers from a variety of subject matter areas are 
invited to di^ uss in round-table fashion the practical problems 
of their own work. By these means, students are encouraged to 
learn material relevant to the real world and that basic funds 
of knowledge and skills are required to function effectively in 
practical settinp. When individual students are interested in 
some specialized area, a project is planned with the aid of the 
mentor. Perhaps, acquiring the ability to initiate and sustain 
inquiry into a given problem will be as, if not more, valuable 
to the student's future development as the knowledge gained 
will be. 



Teach ini Materials 

The mentor is responsible for the acquisition and coordination 
of the teaching materials contained in a given **learning 
package/' Typically, a learning package consists of a set of 
competency statements, pretests, posttests, and sometimes 
special projects. All of these materials are prepared, as nearly 
as possible, for use In the self-teaching mode. The most 
important item in the learning package is a set of competency 
statements, which tell students to do something to prove to an 
examinfr that they have mastered the knowledge or skill set 
forth in the statement. Example of competency statements 
may be, ''prepare T-S diagrams of the major ocean water 
masses and be able to explain the distinguishing characteristics 
of each water mass" or ''can demonstrate through oral or 
written examination a thorough knowledge of the following 
fundamental concepts of marine primary production." 

The author of such a set of statements must always consider, 
"what should students learn and retain whan they complete 
this unit?" and "how specific should this statement be? how 
general?" Experience, thus far, has indicated that any com- 
petency statement is fair game for revision as a result of actual 
application* Students at one point were concerned about 



specificity/generahty problems, Their final consensus was that 
statements which are too explicit take away the challenges; the 
more general statement requires more study and judgment. 

In a given subject matter area the competency statements cited 
above are designated ^'specific competency statements," A 
number of these statements conipose a ^'Generic Attainment" 
(i.e., the latter covers the broader subject matter). For 
instance, the unit headed '*Marine Ecology" is headed with the 
following Generic Attainment: "student can demonstrate his 
knowledge of selected ecological concepts and with his 
attainments in earth science and descriptive oceanography, 
apply them to problems in marine biology," This particular 
Generic Attainment is supported by 15 specific competency 
statements, all of which must be mastered by the student. The 
above Generic Attainment calls for the use of preceding units 
already mustered. The Generic Attainments in the marine 
biology program fall in the following areas: earth science, 
descriptive oceanography, general niarine ecology, pliytoplank- 
ton ecology, fisheries biologyj and pollution biology. In all of 
these areas, there are a variety of teaching aids. There are eight 
Generic Attainments required to fulfill requirements for the 
program in marine biology, 

I he Department of Biological Science has set aside a room for 
the exclusive use of students in the COA Project which houses 
facilities for group and individual study. Learning carrels 
contain 2 Telex slide-tape units, one super-8 film loop 
projector, 1 TV cassette player and color monitor, and 1 
microfiche reader. Through the assistance of the FSU Media 
Center, a good stock of instructional audiovisual materials has 
been acquired. The students use these films, slides, and tapes 
to supplement tlie readine materials suggested to assist them in 
mastering Generic Attainments, The laboratory exercises are 
done on a self-instruction, self-paced basis. 



The Communication Problem 

When the students are free to pui ^.e learning at their own 
pace and level of intensity, the ability of the mentor to help 
them overcome the tendency toward procrastination depends 
heavily on maintaining channels of communication. This is 
particularly important when students are carrying a mix of 
conventional courses and COA learning packages. The mentor 
must find ways to maintain contact with students so that 
encouragement can be given and judicious monitoring main- 
tained. A problem has been to find the ideal balance between 
the amount of freedom accorded students and the need for the 
mentor to impose structure so that students accomplish their 
goals in a reasonable amount of time. 

Student contact is maintained by requiring students to attend 
one meeting per week. These meeting periods are used to 
invite speakers who may work in the field of applied marine 
biology outside of the university system, teach in some area 
outside of biology, or teach in some area which supplements 
the teaching material in the program. Since the general 
meeting does not give students the opportunity to discuss any 
difficulties they may have with competencies, a series of sinall 
group seminars have been organized for not more than eight 
students (there are 36 students in the program). At these 
miniseminars, students volunteer to present a formal review of 
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their work on any uompetency statement that they may have 
completed, Following thu review, the group critiqui^s the 
presentation by suggesting ways for improved treatrnejit or 
offering additional information, The minlseininars may also be 
used for developing skills in self-criticism and In written 
communication. Students may be asked to writ^ l\ short 
abstract of the material they covered on one of the compe- 
tencies. The abstract is duplicated and copies given to each 
participant. The author of the abstruct then leads verbal 
critique and it is revised accordingly < Thus students receive 
additional experience in writing, as well as greater familiarity 
with the subject matter. 

Assessment of Attainments 

In the COA, juries certify the accomplishment of attainments 
required for the degree, hxry members, however, arti niorc 
than external observers (as indicated by flarris 1972); they 
offer advice about the program, participate in evaluation of 
students and, for the students, serve as contacts beyond tJie 
faculty associated directly with the program. Jury pandsare 
drawn from the faculty and advanced graduate students of the 
Department of Biological Sciunce, faculty of the Department 
of Oceanography, and practicing professionais. The last eome 
from various fisheries research and natural resource itianage- 
ment agencies of the state and federal governments. FDrmal 
student assessment begins with a written coniprehefisive 
examination over the Generic Attairiinent for which astudeiit 
petitions certification. The e^camination is the essay type^and 
a grade of 75 or better is required for appearance before the 
jury for the oral examination. If the grade is less than 75. a 
reexamination must be taken before the next scheduled jury 
appearance. Questions asked by the members of the jury panel 
often extend beyond the material covered by the written 
eomprehensive. Students are expected to use blackboard 
illustrations effectively and to otherwise make their exposijion 
clear. With the required mark on the written comprehensive 
and a satisfactory oral perforniance, the students earnagjadc 
of B for the unit. If they give an outstanding performarice, an 
A grade may be awarded upon unanimous vote by the Jury . 

Advantages and Disadvantages of the COA 

The following observations and iftipressions are necessarily 
subjective because it is still too early in the experiment for 
reliable empirical data to be gathered and analyzed, nveii so, 
whether some of the factors can be interpreted numerically is 
subject to doubt. 

From the students* point of view, the advantages appear to be 
the following; 

1. The opportunity to seek content mastery in a format 
allowing the time needed appears to produce confidence 
and competency. The students are responding to this 
provision of the program very vvelL Evidence of the result is 
seen in the confidence and thoroughness with which most 
of them respond to questions in the oral examination. 

2. The responsibility for^ i^nd the motivation to fry out, 
personal inquiry for the satisfaction of the competency 
statements contributes strongly to the students' capacity 
for independent thought, 
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3> The opportunity to pursue individual work over a wide 
range of sulijcct matter affords thu best possible opportun- 
ity for students to find an area of specialization, 

4. The format affords supurior prepuration for leadership in 
the working world or advanced graduate study. At this 
point, some of the students in their junior year have 
acquired an intellectual maturity \\m\ a research attitude 
superior to many beginning graduate students with whom I 
have had contact, 

5. The freedom to work slowly in COA. when pressures from 
conventional courses require a niigor portion of time, is a 
definite advantage to the students. (This factor will be 
discussed below,) 

6. Students can enjoy a closer contact with the instructor on 
problem solving in difficult ureas, Cognitivu n^Mlcrial is 
more efficiently learned without lectures. The small y ^ui 
meetings described above are open to any student any time 
so there is no difficulty in getting iielp when needed, 

7. There is a better than average opporiunity for student 
interaction and development of peer judgments. 

Some of the disadvantages for the students include the 
following: 

L Since this propam is all in marine biology, the students 
may not be able to redirect their major interest without the 
loss of a considerable amount of effort unless they 
complete a Generic Attainment. This would require a 
sustained effort beyond the point of loss of interest. 

2. There is no way for students to know that they are 
mentally and emotionally adapted to the rather long and 
rigorous^ but free-style, study of the COA without attempt- 
ing it. 

3, Because of the requirement for superimposing the COA 
effort on an already heavy load of required conventional 
courses, the students' progress can be demoralizingly slow. 
This problem should be one to which the mentor gives a 
great deal of attention, 

in some ways, these advantages and disadvantages have their 
counterparts for the mentor, The disadvantages for the mentor 
may be expressed as follows: 

K A group of 30 or more students in the COA demands a 
great deal more time than a similar number in a conven- 
tional course, especially in the early stages of developinent 
and implementation, 

2. In the initial stages, at least, the COA mentor works under 
the disapproval of most of the faculty with only a 
sympathetic chairman to help through the rough spots, 

3. Because of the latter point, it is difficult to find willing, to 
say nothing of enthusiastic, colleagues to perform the jury 
function. 

4. There is little time left for typical basic research activities in 
the content area. 




W%etber or n^t t£ig diMdvantafes are affected by tAi a^van- 
teges ii a matter that Indi^dUil faculty merabif^ wM dfslde 
fm thmmmlmB. The teUowing idvantiies, at thii time j seam to 
rampansite far th€ disadvantages: 

L Thm opportunity ejcists to replace the lecmre woncyloguc 
with QnHo^n^ tiachiag. 

2. Thari is plater freedom to develop a variety of teaching 
aids for thp lilf-initructional aspacti of the progrirsi, 

3. A full tvfo years ar^ availabli to know thm students aiid tc* 
beecm^ i perionaJ asiociati in th§ir intellectual and 
oeciipational da'velopment. 

4. Th^ flexibility ixisls to adapt content mphmU t^ the 
interests and needs of Individual students as they' de'^elop 
bdK^^^d tha necassary fundamantalmatirial. 

Fcpr a COA program to survive as an institutional effort, the 
advantages mi*st DUtweigh tha disadvantagis. This is particu- 
larly true with respect costs. 

Ai In any endeavor whose opiration involvas eeononiic'i^ the 
msnpD w costs of the COA are the most lignificaiit, Base^ on 
experience thus faj, one mantor at 3/4 time, om Mf-time 
teachiiii a^istsnt, and one half-timi clerk typist could mmmgm 
40 COA students in tJJe marine biplogy pro^irn v/ith little 
difficulty. The teaching and jury functions tJien, aredistfib^ 
utedas foUcws-' 

Wentc^r 3/4 F.rJ. 

Juiy 1/4 FTJ. 

Teaching Asst* 1/2 FT J. 



1 1/2 FT J, 

Based on 40 studants completing 35 credit hcurs of worl in 
the progriisi, tile pioductivity for one F*T,E. of faculty tima 
(mentor arid jtf fy) ii 1 ,-400 quartir hours, an svaisge of 333 
quartir hours p^r term for six terins. This figure is wty close 
to the average for adl coiiventional roursas tautfit at tfte junior 
and serxior level in the PSU Dapartmint of Biolopcal Sciasee, 

There U a hidden economic advantage in the fact that highly 
motivated COA. studints may finish their haacalaureat^s up to 
one or two terffis early, Tha effeGt of this wuldbe to increasa 
tha pro^uctavity of mentor and jury on a quarterly b^iis. Tor 
the uni^'ersity as a whole, there are iconomi^s, althoti|h not 
measurable at t^is time, in having itudents finish early. Tfiere 
is censiderable real lenefit to the itudent in aarly i^raduition. 

Some preliminary impresiions are: 

• Ther^ is a significant reservoir of students who adapt to and 
thrive intillactually in COA, 

• Ther^ ire string indications that these studants do superior 
wrk In tile program. 

• The pro^anri produces students bitter prepared fcr employ- 
iiient or ^adwita study. 

• The most difficult practical problem is gaining faculty 
stippcrtj €sp^ciall^ for Jury panels. 



• Paculty prodtfetivity in aiiartir hmtm is a UttJe inori 1hi« 
the iverage faculty membfr teaching classes o* ftverag^ 
each quarter of the academic yfir* 

• One mmtcr at 3 /4 F*T,B, can hindle 40 COA itud-ents 
without strain-' 

• In thi early stages of their study in the COA, the students 
find it diffictflt t-o overGome competition fat their time 
hom requijgd conwintional coursas* 



AeKno^lediments 

I wisli to BLcknmMgm with appreciation Tttomai peter 
Bannett and Gary Petersoii for their help in reacJing the 
manuscript. 
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Annouiicement 

rjidergr^duata Stvdpnt Taper Coilitept 

"We are pleased arii^ouiice the continuance of the 
lindergraduate Student Research Paper Contact as m 
important part of the AIBS itudent prograiTS. Listed 
fcelp^ are tlie guidaline^ for submission of papers. 

1) The CDntest is Qperi to any undergraduate biolog/ 
student who u an inJMdml member ©f the A- IBS , 

2) Tile paper rnay be on any biolegieal research topics 
utilizing style an-^ foxmat of prasentatiori appropiiata 
for reporting itentific raaear^h. 

3) Papers must be mbniitted on or before 15 April 
1976^ and itotificaticn cf swards will b§ riiatie no 
later tliara 30 April 19%, 

4) rtie v/inner ^111 receive ap_ all expense paid trijp to 
preient the researqli paper at tha Annu*l /%1BS 
MeetiJii to be lield at Tulane University, ^ew 
Orlea^ii loitiiiaria in May-Juna 1976. AwaJds will 
also be mid^ to the second^ third and fourth plaaa 
funnarMip. 

5) A panel of professional biologists will te appointed to 
jutige the papers recei^^ed. 

Manuscripts are to be sabmitted to the AlBS Education 
Dcpa^lment, Attenfion; L/ndergmduate Student Re^ 
searcli Paper Corttest. 
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BIOTECH Modules Available from the AlBS 



ihm cOfntTierciaJ ptJblishir of BIOTECH Modules 
^nd thi AlBS hive r©achid an agreement whereby 
fTi^uNs miv purchased through the Instltuti, 
Proceadi from m\mn vvil! be used to continue the 
BIOTECH Progfam, a rrajor curriculum develop^ 
tTitnt pralect of thi AIB$. More than 2,000 pur^ 
chasers arousing these tested, proven^ and successful 
instructlonil aidsin nuf^arous paplicatlons, 

a ^pieiil consid€ra1lor during this introductory 
cffer, five mcdules may be purchaied for the price 
of four If you t^ke advantage of this linriited offer, 
be lur^ to speeify the fifth title you want free. 

To ensure prcnript handling of your selections, use 
the attichad post-paid order form. If you order a 
BIDTECH WodLjIi durinfi this offer and, in the 
Ljnlikilv event ycu find tbe program unsuitable for 
your tiachirig environment, you may return it 
undaniaged for exchange, 



matiSBPfofm BIOTECH module? 

The modules are self-contained audiovisual teaching 
units, each desigred to cover a single well-defined! 
task contnnoiily taught in life science, academic^ and 
DCCLipational instructional programs BIOTECH 
modules to net offer a life sGience curriculum, but, 
rather, ire selfcontainad demonstrationi to aisiit 
rcud^nts iri the learTiirig cf a particular biological 
skill or tisk. The modules are so designed as to 
permit yotJ tc ifisert them into your curriculum 
w-htn and where yau deolde they are needed and 
virill be most effectiva Thisflexibility, coupled with 
tNo wide range oi topics coverid, assures that you 
wM 1ind numerous rrodules suited to your pc tic- 
ulir method and schedule of teaching biological 
so iencii- 



BIOTECH rnoriules are multimedii picNges con- 
listing oi 36 mm slWis or a lllrnstrip, a ccmpaat 
cassette, and a study guide for studint use Students 
v\^crk at their own pace^ repeating lactions of the 
module as necessary. The instructor ditermines if 
th^ student has syecessfiilly mastered the iklll 
through the use of a pQittestind/or demonstration^ 
The prograrri are particularly useful for students 
uridinaking ipecial prcjects -wNich require sic ills not 
normally presented as part of your course. 

Many instructors use the modijles as lecty re-assist 
vebiclfs to f ntroduci a topic bffpre the student i^ 
confronted mth a laboratory fKpirience. As self- 
contained and independent instructional units, 
modules do not replice the teacher but rather, free 
the teicher from the routine and often repetitive 
ta^ks associated mth oppritional manipulslive 
teaching, They will permit the teacher to ooncan- 
trate on what a tiacher ihoyld do best; that is, 
affecting the motivational, attltudinal aspects of 
learning. 

In addition to supplinnentirig traditional laboritcry 
teaching formats, the BIOTECH rnodules kev irto 
audiotutorlal Jndlyidualizfd, and investigative labor- 
atory instructional programs with great facility and 
little or no adjustment cf the €Xistir»g curriculum. 

Although the ability to think abstractly and develop 
supportive attltudei Is basic to any edUQational 
enterprise^ these qyalitNs will not W the subject of 
BIOTECH teiching module^, TH di^/eloprnent of 
pedagogiei to reach these goals and activities m 
more proper! y the rol€ of the clasirQonn teacher. 
The BIOTECH modules undertake the morf speGiflc 
tasK of teach jug iomeone, in a iNcDrt time, how/ to do 
lornathlng w/hile, at the sarni time, relievirig the 
laboratory instructor from the burden of repetltivi 
dernonstratlDn of sk ills and techn iqijes. 



The pufclisher of BIOTECH module! has adviitd the AlBS that, effective 1 March 1976, there \v|| I be a 
pri« Increase for all module programs, Ai part of the special arrangement with the AlBS. the 
publisher hii agreed to proceii orders, received through A IBS, at the old price until 31 IVIarch 1976, 



PEBRmRV mi 




AIBS PROJECT BIOTECH 

ORDER FORM: 

^mck thmpngnms whMi you wbh toonimrmciniout^lbm on 010 Mxt/m^. 



General Skills 

how t© . . . 

□ 8101 Maks Serial DMutiyni 

□ 8102 Fllh Imptyj and Q\s3n a Syrihg© Usifig AseptiQ 

Technique 

□ SI 03 Use i Syringe Type Auton^gtjc Plptttor 

□ S1P4 Dry to Censtint Weight 

□ 810S Titrate Using 3 iurstte 

□ 81 06 Prepare i Wqtq^Cqpq Wet Moun! 

□ S107 Weigh te More Than 0.1 GPirfi Uimg sl 

Double-Pah Sln§l©-isim IpUnef 

□ 8108 Weigh More Thart 0.1 Gram Uiirig a 

Top-Loading EUetri^ai Biignce 

□ 81QS Weigh to the Megrgst 0.1 tng on ^ Sernl^Mlcrs 

Afiilyiiqal BsIanES 

□ sue Use Liboratpry ThirmsffietiPi ^nd \o Ssnvirt 

Between Celelui and FahrgnhiM Sealef 

□ am Use MBasuring, Velumitrlc, p^st^ur and 

Lambda Pipeit#i 

□ 81 Use Votumetrle Stasswarg , . . Gradugted 

Cylindefs, FiisNs, Bstkefs, gnd the VQlufTiitfie 
Flask 

□ S113 Use a QMhlcat Mpdet Centrifuge 

□ 8114 DqnsiruEt and Read Uneif Qrsphs 

□ 811 i Prtpare Weight Percent. Vslum^ Pireint. and 

Wiight^VQiur^e Percent SQiytioni 

□ 8116 Miasur© pN with Chtmipii mdie^tors and a 

Sirnple pH Meter 

□ 8117 Filter Liquid SuspifislQris Usifig Gravity irid 

Vacuum Teehnlquei 

□ flits Meaturs the Tranirriittanee and Absorbaries of 

Solutions with a Simpte Spectrophetom^tir 

□ 8119 Mix Saiutiorii o\ Sciids in Liquids and Liquids 

in Uq^ids - I - 

□ alio Prepiri Standard Soluilens for ^/Qiumetfie 

Anslysls 

□ Slil Prepare Nerrnal a^d M@isr SohJliDhs 

□ 8122 Use the Metrie System of Length, Vetun*© and 

Mass Measuremertt (S| Units) 

□ 8123 Qiean and Care for Gornmofi Lah^ratsry 

Gles^wara 

□ 8124 Use Thii* Layer Chromitogfgphy for Slftipii 

Separations 

□ BMB Use Paper Chror^atoprgphy for Slmplt 

Separations 

□ 3126 Use Cdiumn Chrprfigtography for Slffipi^ 

Separations 

□ S127 Use a Nana Refractpmeter 



Field & Museum S 

how to . . . 



s 



iis.oo 
S^i.og 

las.oo 
iSi.oo 

sis.oo 

iSs.oo 

iig.ip 

$29.50 

lig.io 
siiJo 

lii.io 

$29.50 

%2%m 



□ 


8401 Plant Seedlings 


129 JO 


□ 


8402 Transplant isedllngs Inti^ 


S2^J0 


□ 


&403 Trshsplant Saedlings Pram Flats \q poti 


|2i.5Q 


□ 


8404 ^ater Qfeenhouie Plants 


|2€JQ 


□ 


8405 Fertliize Oreenhcuse Plants 


129,50 


□ 


840S R^pgrilie and Control Common Qreennisiiis 
Peats 


S2S.5Q 


□ 


B407 Use the SiffBdish Incrsment B^rer 


I29.SQ 


□ 


S408 Pnepare Study Skins Of Smglt Mtmrnali 


S2i.S0 


□ 


8409 □olle^t Insesti by a Variety of Methods 


S2iJQ 


□ 


8419 P^ierve Insects 


Sgi.iQ 


□ 


8411 Pith a Frog 


S2S.5Q 


□ 


$411 Ooiieei and Test ioil iimpigs 


129.60 


□ 


8413 R&et Plant Cuttings 


i2i,SQ 


□ 


S414 Perform GernilriBtlon and liability Ttsts qri 
ie«dB 


I2ij0 


□ 


B4li Saffliy Us^ Sprays and Dusts pn Plants 


$2i.iO 


□ 


8418 Ari iniroduetlon to Flaht PeliinatlQn Tgehriiques 


S^QJQ 



Animal Handling Sicill$ 

how to , . * 

p 8201 Handle, Restrain and Gavggs i Mouse 

Q 8202 Fecil Sarfipiing for Micmssgpie AnalysU 

□ 8103 Haridts, Reitrgin and Oavage a Rabbit and 
Qulnsa pig 

Q 8204 Handls, Restrain and Gavgga a Rat 



8|0S Handie, Restrain and Savage g Hamitgr and 
Gerhli 

8208 Handlirig, RestralnL and Admlnislratian o| 

Subcutaneous and intramuscLitar Inj^ctisn^ fsr 
the D09 

8207 Hgndilng, Restraint, and Adrninlstration q| 

Subcutaneous and Intramus^yiir lE^jections fsr 



Environnientiil Skills 

hw to . . . 

□ 8301 Make s Sieve Analysis of Bottom Sediniinti 

p S30i Meaiur€ the Dissolved Oxygen Content 0I 
Water 

Q 0303 Sample Benthlq Populittons 

O 83p4 Use a Planliisn Net 

Q i^Qi Migsure Witer Hardness 

□ 0308 Analyis for a Heavy Mslal Ifi Envlronrneriiil 

Waters, Part h Absorption Speotrssoopy 

Q $W Analyze for a Heavy Metai in Envlronnientgl 

Waters^ Part i|, Atornl^ Abiorption speetro^ 
s^epy 

Q 0303 Analyze for a Heavy Metal in Envlronniif^tgi 

Watarsi Part III, AnPdIo Stripping Vqitam^ 



i^i.SO 





ttiV Gat 






8i&€ Oral Administration to the Dog and Cat 




□ 


8209 IntravenQui 'njection of the Dog and Gat 


$21-50 


□ 


S2IO AdiTilnistratlon gf Injectable Anesti^etios to 
Dcgs and Cats 




□ 


8211 Housing of Laboratory Animals 


129 Jo 


□ 


8212 Sanitation of Hsuaing fsr Laboratory Anlrnals 


S2i.50 


p 


8213 Adrfilniitration sf Injectabie Aneithetici to 
Rabbits 


121,50 


□ 


8214 Admlnisfrailpn Of Anesthetics tQ Rodints 


S29JO 


p 


8215 Infrpor&ltai Slieding ol Rodsnts and Rab&itl 


S^9.S0 


□ 


8218 Blood CoilflStion frorn Supsrfjcial Veins oi 
Rodents and Rabbits 


S29.SQ 


□ 


8ai7 Blood Coileetlon from the Ptep Vascuigtur^ 
and Heart of Rodents and Rabbits 


i2I.S0 


□ 


3218 Euthanaiia for Rodents and Rabbits 


129.50 


□ 


SilO Sepiratlori nf Plgsnii and Serum Irom Qloqd 


S2SJ0 


□ 


8220 Intravenous injection el Rodenli and Rabbits 


129.10 


□ 


8221 Subcutaneous, intrarnusouiar, and intraperitoneal 
Injegtioh of Rodents and Rabbits 


129,50 


d 


822i Introduction ts inhiiafion Anesthesia 


I29J0 


□ 


8223 Perferm Chamber Euthgnasia 


129.50 



I2S50 
S2i,6Q 





metry 




a 


03Di Anaiyie for Chiorinated Hydrocsrbon paati^ 
cldes in Water Using Oas Qhromatography 




0 


0310 Anaiyie for Chlorinated Hydrocarbon PsstU 
qfdes in Soil Using Qas ChromatDgrapfiy 


Sii.so 




0311 Mea^yre Total Suspsnded Msttgr in Environ^ 
mental V/aters 




□ 


03(2 f^easure Chamioel Oxygen Demand (COS) in 
Envlronmantai Waters 




a 


0313 Megiure Ammonia and Organic Nltrogin in 
Environrtientgl Wateri (2 parts) 


SSi.OD 


D 


0314 Messufe Total PhQiphate In Envlronniei^tgl 
Waters 


sgijo 


Ct 


8315 Measure Oil and Grease In Aquatic EnvlrPn^ 
menta 






$BB n&xtpagB for aMMDnaJpmg 


mms 
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Alliiid Hflilth Sk 1 s 

ffiiiiPIl nvailll vnlllii 




□ 

□ 


ho%*' to * * * 






□ B&Oi 0f AMpits Teehnlqtits in ih« TuN Trinita^ 
of Bsetefis 




□ 


Q l^g Prepare Cylturt ^s^la Idlldlnsd with Agar 


mso 


□ 


□ Sf63 Pmjf Agar Flitts 




□ 


□ 8664 P&gr Piste ttchnique iot liolaUori of Pun 
Outturn 


S29.eo 


□ 


□ Sefil Iti^N NiJlHem Agir Pfttss tg Isol^td S«sterial . 




□ 


□ 8m p^tsmlm Microbial iuSQtptihirity to Antibleliot 
U^lh^ tffi Agar plffyilon (Klrby^Baysr) Msthod 




□ 


□ ^reptff Blood Agar Flatei 




□ 


n 8i68 M&k9 ft Pl^refitial WhiM Bloetf Qgunt fror 
1 Pr9P>erid 11 ids 






□ W9 t)0Um\m s Rfd Blaad nail Osunt 




□ 


D Oulturi Anai robl€ Baotsrls by the 3fliPaN# 






Q 8611 l^psntd PUsrtia snd Frsm Whdia Blood 


imio 




□ SSI 2 D#larfDine tha A. B, 0, and Rh Type of ilsed 






Q 6613 D0tsrf^ifi9 a Himaiocrit (F.C^V- Mstfjed) 






n 8614 PraparB Bacieria^ Srtitars and Us^ Methytine 
lliie and 0fam Stslni 




□ 


□ 4815 <lf5w inef Dount Mlc^^oorgsnisma on Membrane 
^litafa 


im§o 


□ 


□ 861 $ batamilrH a Whlta Blopd Cell Cdynt 




P S61F Celiiet Mlsrqdrgafilinia qn a Mambraria FMter 


liiio 





□ esiS Use a ipfiygmomanometar SiS.iO 

8S1t Perform BactsH ologit.il Iximhatlon ^ Witfir 
by the Multiple ty^ Permintatifiii Method for 

Conform Cr^antama 140,00 
SiSQ Pirtemi a laeisplel^ldal IjcamlRatloi^ of Water 

by the Membrane Filtration Mithod 140.00 

8621 Perform a Qroas i«aff natlen of Urint $29.50 

mn Enunierata Plaialtta with i C^ultt^ CQuntir S29.S0 
18^4 Prapara a B'ood imear on a Nlefsacopa Slide 

and Uifl Wrighrs Stain %29M 
SiSS Meaauri Serum Glueosa Using t^a Manual 

0-Tolyidlna Method $29.80 

86S6 Collf qt and Transs§rt Microbial Spaolmens 

from SurfsQea Uting a Stsiilt Swab S29j0 

Bi27 Pfeparf Mlcre^^ope Slides ol Ar^lfHal SpQclmana 
by the Paraff Method, ^art I. Haw to Process 
the SptGimen ^^ixatlon^ t^^hydratlon^ Clearing 
and Paraffin tnflltrattofi) 140.00 
1628 Prepare MlerosespeSlldsi , \nlmil Spaqlmena 
by ihs Paraffin Mamed. Psn il Mow to imbed 
the ipeclman In Paraffin and Prapara far 
Saoiloning MQ.DO 
§€2i Frepare MlgrOiOopeSlluai of Animal ipaclniarsa 
by the Faraffin Method. Psh III, How to Make 
Parafffh Sections with a Notary Mlsmlome $40,00 
68J0 Prepare Mlorsioopa Slidei of AnlFnil ipe^lmans 
by the Paraffin Melhoa. Part iV, How to Mount 
Paraffin Sections on a Slide. Stain with Hems- 
toxylln and Eoilri, and Apply a Caver Slaas $40.00 
8631 Prepare Mlcroseape Slides of Anlmii Speclmins 
by the Paraffin Method. Pari V, Mow to Maln- 
tiln and Adjysi a Refary MierotsfTiB and Knife $40.00 



Additional 6idtash Studint Guld%a (iS Bsskliis per Bqx) 
Box il2JQ 
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The 1976 Asia Foundation Grants 

Tfii Asm Foundation « continuing its mppon of biologitt^ who are 
^ming or postdoctoral gruduati study in rhe United Siam and 
who immd to return to their homi €omtry upon completion of their 
w&rk, Nationgls from the following countries an eUgible for awards 
under the program: Afghanistan, Bmgladesh, Burma, Chins, Hong 
Kong, India, Indonesia, Japan, the Khmer Republic (Cambodia), Korea, 
iMQh Malaysia, Nepal, Pakimn, the Philippines, Singapore, Sri Lanka 
(Ceylon), and Thailand, 

Those qualifying on the ibovt criteria are eli^ble to ipply fox the 

Grmts-in^Atd - The Asia Foundation has authorizid the AIBS to offer 
grants-iii-aid of up to $250 each to qualifled Asian biologists or 
scientists in cloiely related fields for the purpose of assisting them to 
coJTiplete research projects. The grants may be used to purchase 
msteriaJs, Itteraturgj or to obtain clerical service for the preparatioii of a 
thesis or nnai report, 

Trmel Awards - The Asia Foundation has authorized the AIBS to offer 
pajits of up to $200 each for traval or per diem expenses to enable 
AsJan biologisii who are vrisiting the United States to conduct research 
or pursue graduate studies rn attend ihe 1976 Annual AIBS Meeting at 
TuJane University, New Orleans, La, 29 June. 

Asm Foundation Award ^ The Am Foundition has established the 
Asia Foundation Award for outstanding research published during i 974 
or 1975. Papcis may be submitted by the authori his mentof ^ or any 
co-worker in the fields of biologyg agriculture, natural resoiuces and 
basic (nonclinical) midical science. Only single author papers mil be 
considered. The award, to be presented at the AIBS Annual Meeting, 
Cirfies an honorarium of $400, plus up to SIJO to cover rravel 
expenses. In the event the recipient has already remrned to his home 
country, the honorarium award will be made in absentia. 

hoCidurei: 

Grants N-Aid and Travel A wards - Application forms are availablp 
from: AIBS Asia Foundation Program, 1401 Wilson Boulevard, 
ArUniton, Virginia 22209. If tlie applicant is a student, the need for 
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such 3 giant malt be eitablishid by the student's m^or professor of 
dopartment held. All applicants mult explain the limitations of theif 
priient flnanciiil aid and must state an intent and ixpeeted date of 
return to Asia in the neajr future. The university or organtEation 
afniiation in the home country, an explatiation of source of present 
financial lupport, and a brief patairiph explaining present reseafch 
should be included In the applicition, Deadline for receipt of 
applications is 15 April 1976; notifi^tion of agtion will be made by 30 
April 1976. 

Am Foundation Award - No application form is required. Five (S) 
copies of the paper should be submitted to AIBS Asia Foundation 
Program at the address given above. The paper ihould be accompanied 
by a brief statement indicating the (I) author's U.S. address; (2) 
univ^riity oi orianization afflliarion in his home country; (3) social 
security number; and (4) expected date of return to Asia. Final date for 
receipt of papers is IS April 1976; the recipient will be notified on or 
about 30 ApriS 1976. 



Biology Students! 

AIBS Student Chapter Regional Conference 

The Student Chapter at Moravian College, Bethlehem, Pennsyl- 
vania will sponsor afi AIBS Student Chapter Conference on 10 
April 1976. Undergraduates in the fields of biological sciences 
will present papers crncerning their research and several 
workshops will be offered. Further information can be 
obtained by writing to: 

AIBS Student Chapter 
Biology Department 
Moravian College 
Main Street and Elizabeth Avenue 
Bethlehem, Pennsylvania 18018 
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